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 (22 24) PP2Ac Leu309 leucine carboxyl 
methyltransferase-1 LCMT-1 protein phosphatase methylesterase-1 PME-1
PP2A  (24 26)
alpha4 4 IGBP1 type2A-interacting protein TIP TIPRL1
PP2A activator PTPA PP2A PP2A
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 (38 43)  ApoE SET
COG112 OP449 COG449 SET
PP2A  (44 46) OP449 SET
 (44,47) FTY720
7FTY720 SET PP2A
 (48,49) FTY720 
(33,49 51) 
81-5  PME-1 
PP2Ac Leu309 LCMT-1 PP2A
PME-1  (25) PME-1 44 kDa 386





 (53) PP2A AC B55 PP2Ac






 (53) PME-1 PP2A
PME-1
 (58,59)
3% PPME1  (60)
PPME1 cBioPortal
9PPME1  (61)
NEPC PPME1 21% PPME1
8.7 8.2%
5% 4.7% 4.5% 4% 3.5%
PME-1























CMeC-1 CMeC-2 KMeC LMeC
Ema MDCK
PBMC western blotting SET
SET 2-1
37 kDa 25 kDa
SET ab97596 SET bs-5943-R 50 kDa













SET SET SET SET
Clustal X2 clustal.org 2-2
BLAST Basic Local Alignment Search Tool NIH
cDNA
CanFam3.1 whole shot-gun sequences





















SET SET SET SET SET
FLAG
SET HEK293T
western blotting FLAG SET
52 kDa SET 37 kDa SET 24 kDa SET 20 kDa
SET 33.5 kDa SET 26.1 kDa SET : 12.6 kDa SET : 11.9 
kDa FLAG
SET data not shown
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 2-4 SET
FLAG SET SET SET SET








FLAG SET SET SET SET FLAG





A CMeC-1 SET bs-5943-R
Palloidin Hoechst N=2
10 µm







HEK293T FLAG SET SET SET SET
FLAG M2 PP2Ac western blotting





FLAG SET SET SET SET FLAG 
M2 PP2Ac western blotting





SET SET PP2Ac PP2A
SET N
C PP2Ac
PP2Ac  (70) SET Val105 SET N
PP2Ac  (70) SET




SET ab1183 SET 3-18 SET
bs-5943-R SET SET SET 175-215





SET SET 33.5 kDa SET 26.1 kDa
SET 12.6 kDa SET 11.9 kDa SET bs-5943-R






















































3-1 A PME-1 PP2A
70% PME-1 PP2A
PP2Ac
PP2A PP2A 3-1 B




A Wild Type WT PME-1 knockout KO MEF
PP2A WT PP2A 100%
N=4 : P < 0.05 WT
B WT PME-1 KO MEF PP2A PP2Ac
WT PP2A 100%




PP2Ac  3-2 PP2Ac NaOH
0.1 M NaOH PP2Ac
PP2Ac NaOH NaOH NaOH -
/NaOH + PP2Ac 40%
PME-1 10




A-B PP2Ac deMet PP2Ac PP2Ac
WT PME-1 KO MEF A
NaOH 100% B NaOH
NaOH NaOH-/NaOH+ N=3 : P < 0.05 WT
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3-3 PME-1 type 2A protein phosphatase
PME-1 PP2A 3-2 NaOH 
deMet PP2Ac NaOH deMet PP2Ac
PP2Ac PME-1
PP2Ac PME-1
type 2A protein phosphatase western blotting
3-3 PME-1 PP2Ac
PP2A PP2A A
type 2A protein phosphatase  PP4c PP6c
PME-1 PP2Ac
35
3-3 PME-1 type 2A protein phosphatase
A-E WT PME-1 KO MEF type 2A protein phosphatase
western blotting A WT 100%
B PP2Ac C PP2A A D PP4c E PP6c N=3
: P < 0.05 WT
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3-4 PME-1 PP2Ac mRNA
PME-1 PP2Ac mRNA






3-4 PME-1 PP2Ac mRNA
WT PME-1 KO MEF PP2Ac A B






cyclohexamide CHX 50 µM 12
24 PP2Ac western blotting
3-5 CHX 24 PP2Ac
PP2Ac




3-5  PME-1 PP2Ac
WT PME-1 KO MEF CHX 50 µM PP2Ac
western blotting CHX
PP2Ac 100% N=5 * P
< 0.05 WT
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4 PP2Ac 4 PME-1
PP2Ac
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3-6 PME-1 4 PP2Ac
A WT PME-1 KO MEF 4 western 
blotting WT 100%
N=3






PME-1 FLAG PP2Ac doxycycline
TetOn system doxycycline 48
MG132 10 µM 16 FLAG M2
PP2Ac western blotting
MG132 PME-1




PME-1 CHX PP2Ac MG132
MG132 PP2Ac




A WT PME-1 KO MEF TetOn system FLAG-PP2Ac
MG132 10 M 16 FLAG M2
western blotting PP2Ac
Ub WCL whole cell lysate N=2
B PME-1 KO MEF TetOn system FLAG-PP2Ac WT K41R
MG132 10 M 16
FLAG M2 western blotting
PP2Ac WCL whole cell lysate N=2
C PME-1 KO MEF CHX 25 M MG132 10 M
PP2Ac western blotting N=3
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3-8 PME-1 PP2Ac PME-1
PP2Ac PME-1
MEF PME-1
ABL127 (78) PP2Ac ABL127
PP2Ac 3-8 A PP2Ac
3-8 B-C PP2Ac PME-1
PME-1 PME-1 WT
PME-1 S156A PME-1 
S156A
PP2Ac  (79) PME-1 PME-1 WT




3-8 PME-1 PP2Ac PME-1
A WT MEF ABL127 5 M 48 PP2Ac
western blotting N=3
B-C WT MEF ABL127 5 10 M 48 PP2Ac
western blotting B ABL127
100% C N=3 : P < 0.05 ABL127
D-E WT PME-1 KO MEF Mock PME-1 WT PME-1 S156A
PP2Ac western blotting
D WT 100% E N=3








MEF PME-1 ERK1/2 Akt
PME-1 FBS
EGF 50 ng/ml ERK1/2 Akt
9 B-D PME-1 EGF
ERK1/2 Akt




A WT PME-1 KO MEF Cell Counting Kit-8
100%
N=4 : P < 0.05 WT
B-D WT PME-1 KO MEF EGF 50 ng/ml 5 15 30
ERK1/2 Akt western blotting
B WT 100%
p-ERK1/2 C pT308-Akt D N=3 : P < 0.05 WT
E-F WT PME-1 KO MEF ERK1/2 E Akt F









B55 B56 FLAG M2
western blotting PP2A AC B 
3-10 B56 PP2Ac PP2A A PME-1
B55 PP2Ac PP2A A
PME-1 B55 PP2A
ERK1/2  Akt  (81,82)
PME-1 B55 PP2A





WT PME-1 KO MEF FLAG-B55 A FLAG-B56 B
FLAG M2 PP2Ac PP2A A  B












A-C shNT shPME-1 PME-1 A A549
B HEK293 C HT29 PP2Ac
western blotting shNT 100%


































 (84) PME-1 PP2A
30% PP2A 50%
PP2A














 (59) data not shown S156A PP2Ac
PP2Ac PME-1
PP2Ac PP2Ac PP2Ac
4 B55 B56 PP2A


















 C Tyr307 PP2A
SET  CIP2A  (23,89 91) Tyr307 4
















3-12-6 PP2Ac PP2A A
PP2Ac  AC ABC
PP2Ac  PP2A A






(96) PC6-3 A 














standard lysate buffer 4 30 PP2Ac





HEK293T standard lysate buffer A-B CHAPS 
lysate buffer C-D One Ice 4 30
PP2Ac western blotting
NaOH 100% PP2Ac N=3
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4-2 PP2Ac okadaic acid
PP2Ac
PP2Ac PP2A
PP2A okadaic acid OA PP2Ac
PME-1  (79,99) OA
PP2Ac
4-2 HEK293T OA 100 nM standard lysate buffer
4 30




4-2 PP2Ac okadaic acid
A-B HEK293T OA 100 nM standard lysate buffer
One Ice 4 30












A-B HEK293T ABL127 standard lysate 
buffer One Ice 4 30
PP2Ac western blotting




PME-1 MEF standard lysate 
buffer 4






A-B WT PME-1 KO MEF standard lysate buffer
4 PP2Ac
western blotting NaOH 100% PP2Ac
N=3
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4-5  ABL127 okadaic acid PP2Ac PME-1
PP2Ac OA
ABL127 OA PP2Ac PP2Ac
PME-1 PP2Ac




His-pull down assay Pull down
ABL127 OA PME-1 PP2Ac
4-5 ABL127 1 M OA 100 nM PP2Ac PME-1
PP2Ac PME-1
73
4-5  ABL127 okadaic acid PP2Ac PME-1
A ABL127 OA OA PP2Ac active site pocket
ABL127 PME-1 active site pocket
B His PME-1 PME-1
His-pull down assay Pull 
down ABL127 OA PME-1 PP2Ac
western blotting N=3 
74











His-pull down assay PP2Ac




PME-1 WT PME-1 S156A PME-1 M335D PME-1
His-pull down assay western 
blotting PP2Ac N=3 Beads
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4-7 PME-1 PP2Ac
PME-1 WT S156A M335D
PME-1 PME-1 MEF PP2Ac














4-8 PME-1 PP2Ac PP2Ac








4-8 PME-1 PP2Ac PP2Ac
PME-1 empty vector Mock











ABL127 PP2A 4-9 B56

























































HEK293T FLAG B55 B56 B56 B56 PR72
FLAG M2
ABL127 PP2Ac western blotting
A B FLAG ABL127 100%
PP2Ac Mock
WCL whole cell lysate N=4-7 : P < 0.05 ABL
83
4-10
4-10-1 Okadaic acid PP2Ac
100 nM OA PP2Ac













 (24) PME-1 PP2Ac
PP2Ac PME-1






PME-1 PME-1 M335D PP2Ac
PME-1 PP2Ac PME-1
M335D








































 (44 51) SET



















PME-1 KO MEF 3-9
PME-1 Akt
ERK1/2  (107)





















checkpoint kinase 1 Chk1
salt-inducible kinase-1 SIK1 Ca2+/calmodulin-dependent protein kinase I CaMKI
 (108 110)
Chk1 PME-1 Ser15
 (108) SIK1 PME-1













aza- -lactum ABL127  (78) sulfonyl acrylonitrile AMZ30
 (111) 2
PME-1 ABL127 IC50=10 
nM AMZ30 IC50=500 nM PME-1
















































PME-1 Scrips Dr. Cravatt
6-2 Genotyping
Genotyping
EZNA Tissue DNA Kit Omega
DNA DNA Nano Drop
ND-1000 Thermo Fisher Scientific DNA 10 - 50 ng
PCR
PME-1  forward GGTGTCTTCCTCCAGCACTC 
reverse  CCATACCAGGGGACCTCCTAC 
PME-1  forward GTCACAGGGGCAAAACTGTC 
             reverse  GCTCCCGATTCGCAGCGCATC 
PCR 94°C 30 60°C 30
72°C 45 40 PCR 2%









Puromycin SV40 large T LT SV40 small t 
ST EGFP-EF1 -Large 
T-IRES-Puro Addgene ID 18922 6-4





Lenti-X HEK293T Takara Bio
HEK293 A549 HT29
MDCK MEF 1% antibiotic-antimycotic AA
Thermo Scientific 10% fetal bovine serum FBS SIGMA Dulbecco s 
modified Eagle s medium DMEM SIGMA CMeC-1
CMeC-2 KMeC LMeC Ema PBMC
1% AA 10% FBS RPMI-1640 medium SIGMA
37°C 5% CO2 MCO-5AC SANYO
HEPES buffered saline HBS: 25 mM HEPES 150 
mM NaCl pH 7.4 1 trypsin/EDTA 0.05% trypsin 0.53 mM 
ethylenediamine tetraacetic acid EDTA HBS
6-4 DNA
6-4-1
pLVSIN 3×FLAG SET SET SET SET cDNA
pLVSIN 3×FLAG PME-1 WT PME-1 S156A  pET-45b-PME-1 WT S156A
 (78) pLVSIN 3×
100
PR72 cDNA PCR
pLVSIN- -IRES-ZsGreen1 pLVTetOn 3×
WT K41R  pKMyc-  (118) pBabe HA-
Dr. Egon Ogris PCR pLVTetOn
pLVSIN 3×FLAG PME-1 M335D pLVSIN 3×FLAG-PME-1 
WT PCR In-Fusion HD Cloning Kit Takara Bio
pHEX1-PME-1 WT S156A M335D pLVSIN 3×FLAG-PME-1
PCR In-Fusion HD Cloning Kit
shRNA
pLVmC ClaI/MluI T4 DNA ligase Takara Bio
shRNA
Nontarget shRNA shNT :   -CAACAAGATGAGAGCACCA-
PME-1 targeting shRNA shPME-1 : -GGCGATACATCTGAGTTCA-
6-4-2
XL10GOLD Stratagene 10 µl 0.5 µl 30
Dry Bath Incubator Major Science 42°C
45 100 µl LB Broth
37°C BioShaker BR-22FP Taitec
101
LB agar 100 µg/ml ampicillin 37°C
LB Broth 100 µg/ml ampicillin
37°C 180 rpm
4000 rpm 10  2420 KUBOTA
Plasmid Mini Kit I Omega
6-4-3
12 HEK293T 2 105 cell/well 200 µl
Opti-MEM  1.0 µg PEI
Polysciences 2.5 µl 30 1 ml 10% FBS 1% AA
DMEM 24
6-4-4
HEK293T 4 105 cell/well
1 packaging plasmid psPAX2 0.77 
VSVG coat protein plasmid pDM2.G 0.43 2.5 µl PEI 1 ml Opti-MEM
30 1.5 ml 10 FBS 1 AA






BL21 DE3 Codon Plus RP Agilent Technologies 50 ul
pHEX1-PME-1 WT S156A M335D 30
LB Broth 100 µg/ml ampicillin 35 µg/ml chloramphenicol
37°C 250 rpm 200 ml
LB Broth 100 µg/ml ampicillin 35 µg/ml chloramphenicol 1 L
37°C 200 rpm
1 mM IPTG i -D-1-thiogalactopyranoside
37 200 rpm
3000 rpm 15 recombinant buffer A 20 mM Tris HCl pH 7.5
150 mM NaCl recombinant buffer B 20 mM Tris HCl pH 7.5
150 mM NaCl 0.1 mM EGTA 5 mM benzamidine 1 mM PMSF 0.1% Tween 20
10 ml lysozyme
4 12000 rpm 10
KUBOTA HisPur Ni-NTA Thermo Scientific 4
30 imidazole His Ni-NTA
PD-10 GE Healthcare
recombinant storage buffer 20 mM Tris HCl pH 7.5 150 mM NaCl 0.01% Tween 20
103
coomassie brilliant blue CBB
CBB CBB 0.1% coomassie brilliant blue 50% methanol 10% acetic 




lysate buffer 50 mM MOPS pH7.4 0.1% NP-40 0.1 
mM EGTA 1 tablet/50 ml Roche Complete protease inhibitor
OA 10 nM 5
K-R-pT-I-R-R
reaction buffer 50 mM MOPS pH7.4 24 mM MgCl2 2 mM MnCl2 0.03% 





PP2A DuoSET IC PP2A activity kit R&D
MEF DuoSET IC lysate buffer
104
50 mM Tris pH 7.5 10 mM MgCl2 0.02% Brij-35 1 tablet/50 ml Roche Complete 
protease inhibitor active PP2Ac
96 PBS-T
137 mM NaCl 2.7 mM KCl 1.76 mM KH2PO4 10 mM Na2HPO4 0.05% Tween 
20 pH 7.4 blocking buffer 137 mM NaCl 2.7 mM KCl 1.76 mM KH2PO4
10 mM Na2HPO4 pH 7.4 30
PBS-T 4
IC Diluent #10 buffer 50 mM Tris pH 
7.5 10 mM MgCl2 Brij-35 0.02% HCl pH 7.5
K-R-pT-I-R-R IC Diluent #17 buffer 50 mM HEPES pH 7.5 0.1 





HBS standard lysate buffer 50 mM Tris-HCl pH 
8.0 5 mM EDTA 5 mM EGTA 1 mM Na3VO4 20 mM sodium pyrophosphate
1% Triton X-100 1 tablet/50 ml Roche Complete protease inhibitor
4°C 15000 rpm 15
105
6-7-2 Western blotting 
 DC protein assay kit Bio-Rad
Lowry 10 - 40 µg SDS
8 - 12% Bio-Rad
PVDF Bio-Rad wako PVDF
0.5% 3% TBS-T
25 mM Tris-HCl pH 7.4 150 mM NaCl 0.05% Tween 20 30 - 60
4°C
1 ECL Pro western blotting Detection 
Reagent PerkinElmer LAS3000mini FUJIFILM
ImageJ National Institutes of Health
VCP Tubulin 
6-8 pull down assay 
6-8-1 FLAG M2 beads
HBS Triton 
106
X-100 lysate buffer 50 mM Tris-HCl pH 8.0 150 mM NaCl 5 mM EDTA 5 mM 
EGTA 1 mM Na3VO4 20 mM sodium pyrophosphate 1% Triton X-100 1 tablet/50 
ml Roche Complete protease inhibitor CHAPS lysate buffer 40 mM HEPES 
pH 7.4 150 mM NaCl 2 mM EDTA 10 mM disodium glycerophosphatate 0.3% 
CHAPS 10 mM sodium pyrophosphate 1 tablet/50 ml Roche Complete protease 
inhibitor
4°C 15000 rpm 15
Wash buffer Triton X-100 wash buffer 50 mM Tris-HCl pH 8.0
150 mM NaCl 5 mM EDTA 5 mM EGTA 1 mM Na3VO4 20 mM sodium 
pyrophosphate 1% Triton X-100 CHAPS wash buffer 40 mM HEPES pH 7.4 150 
mM NaCl 2 mM EDTA 10 mM disodium glycerophosphatate 0.3% CHAPS 10 mM 
sodium pyrophosphate NP-40 wash buffer 50 mM MOPS-NaOH pH 7.4 150 mM 
NaCl 5 mM EGTA 1% NP-40 FLAG M2 Affinity Gel SIGMA
4°C -
SDS sample buffer 50 mM Tris-HCl pH 6.8 0.4% SDS -mercaptoethanol
2% Glycerol FLAG peptide SIGMA western blotting
6-8-2 PP2Ac
MEF HBS Triton 
X-100 lysate buffer 5
107
4°C 15000 rpm 15
NP-40 wash buffer
Dynabeads protein G Invitrogen PP2Ac Millipore 05-421
4°C
SDS sample buffer western blotting
4
6-8-3 His pull down assay 
PME-1 MEF
HBS 1 EDTA free CHAPS lysate buffer 40 mM HEPES pH 7.4 150 
mM NaCl 10 mM disodium glycerophosphatate 0.3% CHAPS 10 mM sodium 
pyrophosphate 1 tablet/50 ml Roche Complete protease inhibitor
5 4°C 15000 rpm 15
EDTA free CHAPS 
wash buffer 40 mM HEPES pH 7.4 150 mM NaCl 10 mM disodium 
glycerophosphatate 0.3% CHAPS 10 mM sodium pyrophosphate
HisPur Ni-NTA Thermo Scientific His-PME-1 4°C
SDS sample buffer
western blotting PME-1 PP2Ac
6-9
108
microscope cover glass Fisherbrand PBS 137 
mM NaCl 2.7 mM KCl 1.76 mM KH2PO4 10 mM Na2HPO4 pH 7.4
4% paraformaldehyde Wako 20 PBS




aqueous permanent mounting medium Diagnostic BioSystems micro 
slide glass Matunami LSM710 Carl Zeiss
6-10 Real-time PCR
TRIzol Reagents Invitrogen MEF RNA RNA 0.5 µg
QuantiTect Reverse Transcription Kit Qiagen
cDNA QuantiTect SYBR Green I Kit Qiagen StepOne Plus Applied 
Biosystems PCR PCR 94°C 15
60°C 30 72°C 30 45
PP2Ac GAPDH GAPDH
comparative Ct 2 Ct-Cc method
109
Real-time PCR
 forward CCTCTGCGAGAAGGCTAAAG 
 reverse GCCCATGTACATCTCCACAC 
 forward CGAGTGTAAGCAGCTGAACG 
 reverse ATTTCCTTAGCCTTCTCGCA 
GAPDH forward AGGTTGTCTCCTCTGACTTC 
reverse TACCAGGAAATGAGCTTGAC 
6-11
Cell Counting Kit-8 Dojindo








SET  abcam ab97596 
SET abcam ab1183 
SET Bioss bs-5943R 
PME-1 Life Span LS-C26111 
PME-1 Santa Cruz sc-25278 
PP2Ac Millipore 07-324 
PP2Ac IP Millipore 05-421 
deMet PP2Ac Millipore 05-577 
deMet PP2Ac Santa Cruz sc-13601 
PP2A A Santa Cruz sc-6112 
PP4c Bethyl A300-835A 
PP6c Dr.David Brautigan
4 Dr.David Brautigan
Ubiquitin Life Sensors VU-1 
p-ERK 1/2 T202/Y204 Cell Signaling 9216 
ERK 1/2 Cell Signaling 9101 
p-Akt T308 Cell Signaling 13038 
Akt Cell Signaling 2920 
FLAG SIGMA F7425 
Tubulin Thermo Scientific RB-9281-P0 
VCP Gene Tex GTX113030 
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